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Bacterial Ghosts : 
 
 The BGs is the: 
  bacterial envelope  without its internal content.  
  with fully intact surface structures.  
usually obtained from Gram-negative bacteria . 
o Inducible expression of the gene E causes the fusion 
of the inner and outer membranes of the bacterial cells 
to form inter membrane tunnel through which all the 
cytoplasmic contents of the bacteria is expelled, whilst 
the inner and outer membrane structures are 
preserved and remain intact. 
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 BG are produced by expression of cloned gene E from 
bacteriophage PhiX174 resulting cell lysis in Gram-
negative bacteria. 
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Bacterial Ghosts : 
 The outer surface of BG contains all the appendices,: 
o  pili 
o  flagella  
o Lipopolysaccharide of the parent bacteria  
  Their inner surface corresponds to the inside of the 
cytoplasmic membrane and its associated products . 
 The space between both membranes is the periplasmic 
space which by its nature is a gel like environment rich in 
membrane derived oligosaccharides, specific enzymes, 
proteins and peptidoglycan. 
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Bacterial Ghosts : 
 They have a natural outer surface make-up which 
provides them with the original targeting functions of 
the bacteria they are derived from and are thus able to 
bind to and/or are taken up by specific cells or tissues 
of animal, human or plant origin . 
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Sector of BG 
envelope 
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Bacterial Ghosts : 
maintains all surface 
proteins of the original 
bacterium in its original 
state  
possesses all the structural, 
immunogenic and bio 
adhesive properties of the 
original bacterium.  
mimic 
the 
living 
bacteria  
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Bacterial Ghosts are derived from: 
  BGs have been produced from various non-pathogenic, pathogenic and 
probiotic strains : 
 Gram-negative bacteria  
 Escherichia coli 
 Klebsiella 
 Salmonella 
 Enterobacter 
 Pseudomonas 
 Vibrio 
 Haemophillus 
 Pasteurella ,Bordetella, Helicobacter, Francisella,  Brambamella,… 
 Gram-positive bacteria : 
 Staphyloccoccus, Streptococcus and Bacillus 
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Advantages of Bacterial Ghost: 
 
1) Non-living carriers         No risk of reversal to 
pathogenic form. 
2) Ability to express recombinant proteins in a variety of 
locations on the Ghost. 
3) long room temperature  storage life after lyophilization. 
4) low cost of production. 
5) Strong adjuvant properties. 
6) Good recognition and uptake by antigen-presenting cells 
7) High loading capacity for DNA. 
8) Targeting properties for different tissues. 
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Application: 
Bacterial ghost 
as  
delivery system 
drug 
antigen 
Nucleic 
acid 
vaccine 
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Delivery systems for drug 
  Recent investigations confirm the recognition of BGs by 
various types of tumor cells and the capacity of BGs to 
efficiently target and be internalized by melanoma, leukemia 
and colorectal carcinoma cells. 
 PAMPs present on the surface of BGs help to increase targeting 
of tumor cells with BGs loaded with chemotherapeutic 
substances. 
 A delivery system that transports chemotherapeutic drugs 
directly to the cytosol and nuclear area of target cells at levels 
sufficient to inhibit tumor cell proliferation would allow the use 
of decreased drug dosages, and thus lessen the negative 
impacts on people already challenged with serious diseases. 
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Doxorubicin(anti-neoplastic drug)loaded BGs made by simple resuspension 
and incubation of lyophilized BGs in Dox solution, were used as a model system 
for BGs and drug delivery. 
 
Delivery of Dox bound to the inner membrane of BGs increased its 
intracellular concentration within tumor cells (CaCo2) up to 42 times 
compared to tumor cells incubated with an equivalent concentration of Dox 
solution. 
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Delivery systems for antigens 
 Compared with simple virus-like particle carriers, the 
bacterial cell offers several compartments for the 
deliver of immunogenic antigens and has a greater 
capacity. 
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Expression of an antigen 
Profound impact on the 
elicited immune 
response  
& 
better  induction of 
specific antibodies 
MalE, LamB, 
OmpA , PhoE  
In 
 Salmonella spp. 
Flagellin 
fimbriae 
  outer 
membrane 
 or  
periplasmic 
proteins 
cytosol 
periplasm 
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Delivery systems for DNA 
 BGs have excellent DNA loading capacity varying from 
4000 to 6000 plasmid copies per BG depending on the 
concentrations of DNA solution used . 
 BGs loaded with plasmid DNA are efficiently internalized 
and phagocytosed by both professional antigen-presenting 
cells (APCs) and tumor cells. Cross-presentation of Ag 
delivered to DCs by BGs can activate both CD4+ and 
CD8+ T cells and stimulate the immune system to 
enhance the immune response against Ag expressed by 
target cells. 
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Bacterial 
ghosts 
 as 
 candidate 
vaccines 
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An ideal or practical vaccine should be: 
1. Give life-long immunity . 
2. Broadly protective against all variants of 
organism. 
3. Prevent disease transmission. 
4. Rapidly induce immunity. 
5. Effective in all subjects (the old & very young). 
6. Transmit maternal protection to the foetus. 
7.  Stable, cheap & safe. 
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Bacterial ghosts as candidate vaccines 
 BG seem to fulfill the criteria mentioned above, as: 
  BG have an excellent safety profile as they are non-living 
vaccines which pose no pathogenic threat or hazard of 
horizontal gene transfer and do not require the addition of 
adjuvants.  
BG are non-living bacterial envelope complexes with their 
surface components in their natural non-denatured 
arrangement. 
  BG can carry additional antigens (protein or DNA encoded) 
which are presented to the immune system as particles with 
intrinsic adjuvant properties addressing different toll-like 
receptors and inducing humoral and cellular immune responses 
towards the BG carrier and the target antigens.  
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Bacterial ghosts as candidate vaccines 
 BG are stable in liquid suspension for several days and as 
freeze dried powder for several years. 
  in addition to parenteral application routes BG can be 
administered in needle free form either by oral aerogenic, 
intra-nasal, conjunctival, rectal or intravaginal routes. 
there is a one step production process for plain BG 
vaccines or BG as carrier of subunit vaccine. 
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The end 
Thank you 
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